Purpose This study was conducted on the effects of vitrification cryotop method on gene expression of mature oocytes in Mus musculus. Methods Transcript analyses of three mouse genes, namely Mater, Hook1 and Sod1, were performed upon non-vitrified and vitrified oocytes with different concentrations of dimethyl sulfoxide (DMSO) and ethylene glycol (EG),15%: 7.5% DMSO + 7.5% EG, and 30%: 15% DMSO + 15% EG, using cryotop following normalization of transcripts with Hprt1 by nested quantitative PCR.
Introduction
In the presence of cryoprotectants, oocytes can be cryopreserved through either controlled slow-freezing or fastfreezing techniques. Vitrification is a fast-freezing technique that preserves oocytes by preventing the formation of damaging ice crystals [1, 2] . Oocyte cryopreservation has become an important technique for females whose fertility may become compromised by medical treatment or the physiological effects of aging, or young women who wish to delay motherhood [3] . Despite the benefits that the cryopreservation seems to deliver, our knowledge towards the molecular responses of oocytes is somewhat obscure.
Comparative transcript analyses would be a major step towards understanding the systems biology in response to vitrification, possibly changing the way we treat oocytes during freeze-thaw procedure. Furthermore, we might be able to evaluate risks involved to the oocytes and to the future embryo. Additionally with thorough analyses of genetic responses, some insights might be gained concerning post-cryopreservation repair mechanisms [4] .
The lack of enough molecular information on the effects of vitrification methods on mammalian oocytes encouraged us to pursue this avenue. This, in fact may unravel the genetic responses of cells to the cryopreservation process and consequently improve cryopreservation strategies for cells and tissues by applying better platforms. Therefore, we decided to evaluate for the first time the changes of gene expression post heating treatment of vitrified oocytes using cryotop.
For this purpose, three pivotal genes in oogenesis and embryo development, namely Mater, Sod1 and Hook1 were chosen for transcript analysis via nested quantitative PCR (nqPCR) and the data were normalized against Hprt1 [5, 6] .
Mater (maternal effect gene) has a role in early embryo development and female fertility [7, 8] . Cu-Zn-superoxide dismutase (sod1) is an antioxidant enzyme that converts the superoxide oxygen anion (O 2 − ) to H 2 O 2 , a less reactive oxygen species [9] . Sod1 is expressed at a relatively high level in human and mouse at GV (germinal vesicle) and MII stages (Metaphase II) of oocyte maturation. This enzyme probably plays a crucial role in protecting embryos against oxygen toxicity in vivo as well as in vitro [10] .
Hook1 is related to 'microtubule cytoskeleton' and 'chromosome segregation' and is necessary for the correct positioning of microtubular structures within the haploid germ cell [11, 12] . Microarray transcript analysis of metaphase II oocytes in mouse demonstrated that the expression of Hook1 was decreased with maternal aging [12] . Since Hook1 is also associated with organizing chromosome segregation, and alteration of transcript levels may lead to chromosomal abnormalities [12] .
Here, mouse oocytes (MII) were used for oocyte vitrification via cryotop. The effects of two different concentrations of cryoprotectants were evaluated on gene expression by nqPCR.
Sometimes the expression of some genes are low making quantification next to impossible. In such cases a prior PCR amplification is required to boost the template level for the following quantification via Real-Time PCR, a technique called "nested quantitative PCR". It is noteworthy to mention that the use of PCR amplicons instead of cDNA for the absolute quantification is not as accurate. However in places where the relative quantification serves the purpose, nqPCR provides enough accuracy. Additionally, considering the number of cells or the quantity of RNA that is used for cDNA synthesis, the expression level can be calculated.
Materials and methods
All chemicals were purchased from Sigma Chemical (St Louis, MO, USA) unless it has been stated. CD1 (ICR) female mice aged 8-10 weeks (Lisbon University, Portugal) were housed in polycarbonate cages (12 h light/dark; 22±2°C), and were fed by standard food and fresh water.
Oocyte collection
Female mice were induced to superovulate by intraperitoneal injection of 10 IU pregnant mare serum gonadotropin (PMSG, G4877), and 48 h later, by 10 IU of human chorionic gonadotropin (hCG, CG5). Donor female mice were humanly killed by cervical dislocation at 14-16 h post hCG injection and cumulus oocyte complexes were collected from oviducts with subsequent removal of the cumulus cells using 0.1% bovine testicular hyaluronidase (H3506) in HTF medium for 30 s. Only those oocytes with normal morphology were selected for the subsequent steps. Oocytes were considered normal, if the zona pellucida and the plasma membrane were intact with an evenly distributed vitelline space [13, 14] .
Study groups
The oocytes were vitrified in two different concentrations of cryoprotectants by cryotop and assessed the changes of Mater, Sod1 and Hook1 expression in vitrified and nonvitrified groups. The denuded oocytes were divided into two main groups, vitrified and control (non-vitrified) groups: The vitrified group was divided into two subgroups vit 1 (15% v/v cryoprotectants) and vit 2 (30% v/v cryoprotectants). Finally, all oocytes were washed three times in DNase and RNase-free water.
Each oocyte pool that contained ten cells was stored at −80°C in a minimum volume (2 μl) of RNase free water [5] . This procedure effectively inhibits RNase. 
Vitrification & thawing solutions

Vitrification and thawing
Mouse oocytes were vitrified by two concentrations of vitrification solutions using cryotop. Oocytes of vit 1 and vit 2 groups were placed in three droplets of ES for 5 min to 7 min at 25°C. Subsequently, oocytes were transferred in vitrification solution, VS 1 and VS 2 , respectively for less than 30 s. Oocytes were moved on a cryotop (<1 μl vitrification solution) and the cryotop was immediately submerged in filter-sterilized liquid nitrogen and incubated for at least 7 days. Samples were thawed by plunging the cryotop into 1 ml of TS at 37°C for 1 min. Rehydration and gradual removal of cryoprotectants were performed in D1, D 2 , D 3 , D 4 and D 5 for 3 min at every step. Thawed oocytes were washed three times in base medium (PB I ) for 5 min at room temperature.
All survived oocytes (vitrified and non-vitrified) were stored as pools of ten oocytes at −80°C in a minimum volume of water (2 μl) until further use.
Definition of morphologically survived oocytes
Oocytes were defined "morphologically survived", if the cells possessed an intact zona pellucida and plasma membrane and refractive cytoplasm. Following the thawing step, oocytes in 100 μl of sterilized HTF (EmbryoMax®, Human Tubal Fluid, Millipore, USA) and 5 mg/ml BSA were incubated under mineral oil with the availability of 5% (v/v) CO 2 , 5% (v/v) O 2 , and 90% (v/v) N 2 for 1 h at 37°C. The morphologically survived oocytes [4, 13, 14] were counted under the microscope and recorded as survival rates.
The average percentages of cryosurvival rates in vitrified (vit 1 and vit 2 ) and control groups were compared with one way analysis of variance. Following analysis of variance, mean values were compared.
Gene expression
The relative quantification of gene transcripts was carried out by real-time PCR. Super Script™ III Platinum® Cells Direct Two-Step qRT-PCR Kit with SYBR® Green (Invitrogen) was used to provide cDNA synthesis and real time PCR.
Reverse transcription reaction (RT)
Oocytes were lysed in 1 μl lysis enhancer and 10 μl resuspension buffer for every PCR tube, which was incubated at 75°C for 10 min in Thermal Cycler (API 9700). To degrade any contaminating DNA, the cell lysates were treated with 5 μl DNase I and 1.6 μl DNase I buffer (10×) at 25°C for 5 min. They were added 4 μl of 25-mM EDTA and incubated at 70°C for 10 min.
For first-strand cDNA synthesis, 20 μl 2× RT Reaction Mix and 2 μl RT Enzyme Mix were added to each tube and was incubated at 25°C, 50°C and 85°C for 10 min, 20 min and 5 min, respectively.
Nested quantitative polymerase chain reaction (nqPCR)
In cases where cDNA copy number is very low, real-time PCR usually fails to produce any product. Generally, this can be resolved via performing a preliminary PCR to produce enough templates for the actual real-time PCR. The primer pairs could be the same or different in every step. This method is called nqPCR [15, 16] .
The Primer pairs for each gene were designed, synthesized and validated by Molecular Diagnostic Center (MDC, Primer Design, and UK). The primer sequences, annealing temperatures and GenBank accession numbers are given in Table 1 .
Here, nqPCR was conducted in Real-Time Cycler (Applied Biosystems, 7500). To confirm the specificity and integrity of the PCR products, melt curve analyses were performed for all the real-time PCR reactions. Standard curves were generated using serial dilutions of cDNAs. The cDNA of every sample was used as template for the preliminary PCR by AmpliTaq Gold PCR Master Mix according to the manufacturer's instruction. Reactions were performed in a final volume of 50 μl. The first-round PCR mix contained 2 μl specific primer mix (300 nM), 25 μl master mix, 5 μl cDNA and 18 μl sterile water. The first-round PCR was performed in a thermal cycler (Applied Biosystem, 2720), by incubation at 95°C for 5 min, followed by 30 cycles of 95°C for 15 s, specific Tm for every gene for 15 s (Table 1) , and 72°C for 60 s, and a final extension at 72°C for 7 min. The PCR products were separated on 3% agarose gel (Nusieve® GTC® Agarose, 50080).
Real time PCR was conducted on PCR products including, two no-template controls (NTC). Reactions (25 μl) were contained 12.5 μl Platinum® SYBR® green qPCR super mix-UDG, 0.5 μl Rox Reference dye, 0.5 μl primer mix (sense and antisense primers), 6.5 μl autoclaved distilled water, and 5 μl of the first-round PCR product.
Cycling parameters were 50°C for 2 min (UDG incubation), 95°C for 2 min, followed by 50 cycles of 95°C for 15 s, 60°C for 30 s. The melting curve was generated and analyzed at 95°C for 15 s, 50°C for 1 min, 95°C for 15 s and 60°C for 15 s. Every experiment repeated three times.
The data were analyzed with the integrated ABI 7500-V2.0.1 software and were normalized to Hprt1 within the log linear phase of the amplification curve using the comparative Ct (Fig. 1) . The relative expression ratio (R) of target genes were measured based on a ΔCt formula [17] [18] [19] and normalized against Hprt1. PCR efficiencies [18, 19] of the genes ranged between 1.98 and 2.0. ΔCt was the difference between the Ct values of controls and samples.
Result
The survival rates of vitrified and control groups were summarized in Table 2 ; with no difference between vitrified groups (p>0.05) and significantly lower survival rates when compared with controls (p<0.05).
The relative abundance of Mater, Sod1, and Hook1 transcripts in vit 1 and vit 2 conditions were measured in relation to non-vitrified samples via nqPCR. Inverse Ct values of Mater and Hook1 in control group were significantly higher than vit 1 , while no significant difference was seen between control, vit 1 and vit 2 for Sod1 (Fig. 2) . In comparison to control, significant downregulation for Hook1 (5.54e-05 fold) and Mater (0.6 fold) was seen at vit 1 condition (Table 3) . No difference was detected between vit 1 and vit 2 when inverse Ct values for Sod1 were put under scrutiny (Fig. 2) . However, normalized relative expression ratio of Sod1 demonstrated up-regulation in vit 1 (143.7 fold) and it was even higher in vit 2 (251.3 fold) ( Table 3) .
Although the nqPCR repeated thrice, transcript analysis of Mater and Hook1 for the vit 2 condition failed to produce any data and nothing was detected in vit 2 oocytes.
Discussion
Prior to the complete acceptance of oocyte cryopreservation and putting it into practice for humans, molecular studies are needed to uncover possible side effects. It is unfortunate that despite the significance of oocyte vitrification, the information regarding molecular events occurring subsequent to this process is limited [4, 20, 21] . Additionally, the common concentrations of cryoprotectants have been 30-40%, which has been demonstrated to have toxic effects on cellular process. In order to partly fill this gap, we decided to investigate the relative expression of three genes (Mater, Hook1 and Sod1) in two conditions; vitrified oocytes versus non-vitrified. Oocytes were vitrified with the common concentration (30%) and reduced to half (15%) concentration to evaluate whether the reduction of cryoprotectants has any role on diminishing the negative side effects.
Because of low cDNA copy number of target genes for oocyte, the amplification of cDNA unexpectedly failed for all genes and the use of more oocytes in cDNA synthesis was not helpful. As a result nqPCR was optimized and performed for quantification of all transcripts instead of regular real-time PCR.
Our results indicated that Mater and Hook1 were downregulated in vit 1 group. The role of Mater appears to be specific to very early development. In mice, Mater null mutants has no effects on oogenesis, folliculogenesis, oocyte maturation and ovulation, or fertilization [8] . Mater expression is detected in the cytoplasm of growing oocytes and remains present through the late blastocyst stage. It has been shown that Mater is essential for the pre-implantation [8, 12, 22] . It has been demonstrated that Mater is being down-regulated during aging of mouse oocyte [12] . By down-regulation of Mater, it can be expected a reduction in relevant protein synthesis leading to negative effects on pre-implantation development and thus after embryo arrest at two-cell stage. In this case, the rates of cleavage and blastocyst formation may decrease subsequent to vitrification. Accordingly, it has been noted a reduction in developmental rate of mouse vitrified oocytes (data not shown).
Hook1 is a structural gene that involves in the correct positioning of microtubular structures within the haploid germ cell and chromosome segregation [12] . Hook proteins have been shown to constitute a novel family of proteins that may link membrane compartments to microtubules. Furthermore, mutations in the Drosophila Hook showed that the deduced protein is required for formation or stabilization of mature multi-vesicular bodies [11] .
Earlier studies suggest that high cooling rate and high cryoprotectant concentration alters the arrangement of chromosomes and microtubules of mouse oocytes [20, 23] . It seems that higher concentrations of cryoprotectants may have toxic effects on oocyte structure [2, 24, 25] and as a result our attempts to quantify Mater and Hook1 transcripts were not successful. Thus, despite the higher survival rate in higher concentrations of cryoprotectants (vit 2 : 86% vs. 75% for vit 1 ) some genes where severely down-regulated or possibly vanished.
The expressions of Sod1 were up-regulated in vit 1 and vit 2 , once compared with control. Moreover, the expression of sod1 was higher in vit 2 than vit 1. Sod1, among many others, is an oxidative stress/damage-related gene [12] and it may be expected an up-regulation upon imposing environmental stresses such as vitrification. Ho et al. (1998) suggested that both the Sod1 and Sod2 enzymes may be the primary targets of superoxide radicals generated during paraquat toxicity [26] . Accordingly, It was noticed that vitrification can induce oxidative stress on oocytes following warming step.
Conclusion
The results demonstrated that the cryotop vitrification causes down-regulation of selected genes such as Mater and Hook1 and up-regulation of Sod1. To understand the stability of these changes, more work has to be performed especially through analysis of the relevant proteins. It was also concluded that despite the lower survival rate of vit 1 considering higher rates in the control group, the survived oocytes were more stable once compared to the vit 2 . 2 No detection *P<0.05
